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INTRODUCTION 
In recent years the separation of milk on the farm has be­
come a less common practice.because of the marked increase in 
the sale of whole milk, rather than cream, from the farm. 
Moreover, the relatively high value of milk produced for the 
fluid milk market has increased the cost of raising, calves by 
liberal milk feeding methods. This increased cost of milk has 
focused the attention of research people, as well as commercial 
feed companies, on the formulation of suitable whole milk re-
placers for feeding calves. 
Many attempts have been made to use ingredients from plant 
sources in milk replacers and in most instances the calf was 
unable to utilize these feeds efficiently. Moreover, severe 
digestive disturbances, such as diarrhea and bloat, resulted 
from the feeding of some milk replacers to the young calf. 
When milk replacers are composed largely of milk products and 
contain adequate energy, the calf utilizes them very well and 
makes normal growth. Experimental results indicate that milk 
replacers, made up principally of plant materials, are not di­
gested very well by the calf until it reaches three or four 
weeks of age. Some workers attribute this to the high starch 
content of these feeds. Others think that animal protein is 
more efficiently utilized by the young calf than is plant protein. 
Although there have been many experiments conducted to eval­
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uate yarious milk replacers for feeding the dairy calf, the 
reason or reasons why the young calf is unable to utilize cer­
tain nutrients in plant feeds, are still unknown. In a pre­
vious experiment at the Iowa Station (56), a milk replacer com­
posed of finely ground soybean oil meal, dextrose, dried skim 
milk, and water produced severe diarrhea and bloat when fed to 
calves in large amounts (one to two pounds dry ingredients per 
feeding). Distillers dried solubles added to this replacer 
alleviated these disturbances. 
The present studies were conducted to try to determine why 
certain milk replacers containing large amounts of ingredients 
of plant origin are not satisfactory for young dairy animals. 
The specific objectives of this study were: (a) to determine 
the response of calves to the feeding of animal diastase and 
pepsin, (b) to study some of the problems involved in the use 
of plant products in milk replacers, (c) to determine the ef­
fect of age and of dietary regime on blood reducing sugar and 
hemoglobin levels in calves, and (d) to determine the effect of 
distillers dried solubles on the digestion and utilization of 
nutrients by calves. 
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REVIEW OF LITERATURE 
The Development of the Digestive Tract 
of the Young Ruminant 
In discussing the development of the digestive tract of 
the young ruminant, it may be helpful to review, briefly, the 
anatomy of the ruminant stomach. According to Dukes (33)» the 
ruminant stomach, characterized anatomically by its great size 
and its division into several compartments, appears to be an 
evolutionary modification of the simple stomach. It consists 
of four compartments or divisions, designated as rumen, reticu­
lum, omasum, and abomasum. Dukes (33) also points out that 
some workers regard each compartment as a separate stomach and 
is designated numerically, the rumen being known as the first 
stomach, the reticulum the second, the omasum the third, and 
the abomasum the fourth» This, however, is erroneous. Again, 
because their mucous membranes are nonglandular and the epitheli­
um is of the stratified squamous type, the rumen, reticulum, 
and omasum are sometimes regarded as esophageal dilatations. 
Embryological studies, however, have shown this to be incorrect. 
These compartments develop from the embryonic stomach and not 
from the esophagus. 
The relative size of the four stomach compartments varies 
with.the age of the animal (12, 18, 28, 33? 59$ 65, 104, 105 
and 113). In the newborn animal the rumen and reticulum are 
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about one-half as large as the abomasum and several workers 
have shown that the diet materially affects the growth and de­
velopment of these two compartments (12, 18, 28, 33, 59, 63, 
104, 105 and 113). Kesler and associates (59) slaughtered 59 
calves at various ages varying from eight days to 16 weeks. 
They found that a pronounced increase in rumen contents and tis­
sue weights occurred between the ages of 32 days and six weeks» 
A change in the characteristics of rumen contents occurred by 
six weeks of age, indicating complete rumen function at this 
age. These calves were on normal feeding regimes of milk, 
starter, and hay. Lengemann and Allen (65) found that there 
was gradual and progressive development of rumen function with 
age. Percentages of acids measured seemed to stabilize by the 
second month of age, indicating complete rumen function. Only 
very few differences existed in rumen function between six-
month-old animals and adults. Blaxter and co-workers (12) 
studied the influence of roughage and milk on the fore stomach 
development. One calf was killed at three days of age and the 
remainder were reared in two groups, with and without access 
to roughage. Upon slaughter, it was apparent that roughage in­
gestion had considerably increased the capacity of the fore-
stomach compartments. This increase was due to "stretching" of 
the tissues and not to increased weight of the wall tissue. At 
three months of age the omasa1 volume of a calf given only whole 
milk had increased five times, while one given milk and roughage 
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had increased 54 times. The weights of both small and large 
intestines and the weight and capacity of the cecum were unaf­
fected by diet. Davenport (28) was one of the early workers to 
report that calves subsisting on an all-liquid diet have un­
developed rumens. 
The most extensive studies, dealing with the effect of 
diet on the development of rumen function in the calf, have 
been conducted by Brownlee (l8) in England and by Warner et al. 
(113) at Cornell. Both groups of workers found that calves at 
birth and those fed an all-milk diet had no papillary growth in 
the rumen, while calves fed starter, starter and hay, or hay 
with milk had extensive papillary growth in the rumen. The 
calves in both studies had the more extensive papillary growth 
when fed grain or grain and hay than when fed only hay as the 
dry feed. However, the rumens were larger in calves fed hay, 
probably due to stretching of the rumen walls. The work by 
Warner and associates (113) was more complete than that of 
Brownlee (18). These workers observed that calves fed on ra­
tions containing dry feeds (grain and/or hay) had normally de­
veloped rumen function, which was attributed to chemical enti­
ties and not to the bulky nature of the feed. It was observed 
that the rumens of calves placed on an all-milk diet, after 
three months with grain and/or hay in the ration, retrogressed 
back to that of the rumen of a newborn calf. The papillae dis-
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appeared. These workers attributed the lack of development of 
rumen function in the all-milk fed calves to the fact that 
milk by-passes the reticulo-rumen as reported by Wise and 
Anderson (117b), He gland e_t al. (48) and Dukes (33). It has 
been observed that when calves drink milk from a nipple the 
esophageal groove closes, thus allowing milk to pass directly 
into the abomasum (48, 117b)= This also occurs in very young 
calves taking milk from an open pail, but does not persist 
as long as when milk is taken by nipple. 
Tamate (104, 105) made extensive studies of the post 
natal development of the stomach of the goat. He found that 
the rumen of the new-born goat is very small (about 20 percent 
of the total stomach capacity) and at weaning in 25 to 30 days 
shows marked development (about 46% of the total), while short­
ly after weaning at 40 to 68 days of age it comprises over 
four-fifths of the total capacity. Although the reticulum de­
velops at a much slower rate than the rumen, it does make re­
markable increases after weaning. Tamate (104) found that in 
the goat the omasum is undeveloped and essentially functionless 
at 68 days of age. He also found that prolonged suckling pre­
vents development of the rumen and reticulum; these compart­
ments being five times as large in the weaned animals two months 
of age than those in animals which had suckled for two months. 
There is some evidence which indicates that the omasal 
function develops with the development of rumino-reticular func­
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tion and a large portion of the volatile fatty acids, which 
are produced in the rumen, are absorbed by this compartment 
of the ruminant stomach (24, 44). 
Changes in Certain Blood Components with 
Advancing Age of Young Ruminants 
There are several reports in the literature which relate 
that a definite decline in blood reducing sugar occurs as the 
age of the calf advances (35, 42, 43, 50, 62, 71, 73a, 78, 
107, 111, 117a). There are differences in opinions as to 
what causes this decline. Some have related it to rumen de­
velopment and/or diet of the calf (35, 50, 71, 73a) while 
others have shown that this decline occurs regardless of diet 
and stage of development of rumen function (42, 43, 62, 78, 
107, Hi, 117a). It is agreed among these workers that there 
is a gradual and steady decline in blood reducing sugar from 
birth to six to eight weeks of age and then it levels off at 
about the adult level. Goodwin (42, 43) and Hibbs et al. 
(50) have shown that during the first six weeks of life re­
ducing sugar decreases to essentially zero in the red cells. 
This accounts for some of the decline but no explanation has 
been given for the decline in plasma glucose. The work of 
Holmes (53) showed that orally administered glucose causes a 
greater rise in blood sugar in young ruminants up to twelve 
months of age than in adults, A decline in blood sugar with 
advancing age has been observed in sheep but the leveling off 
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occurs in three or four weeks instead of six or seven as in 
calves (42, 61, 71)• Reid (94) observed that adult levels in 
the sheep were reached at six weeks. As the blood reducing 
sugars decline with advancing age of young ruminants, the blood 
volatile fatty acids increase with age of the animal to seven 
or eight weeks (50, 6l, 73a). These authors suggest that the 
main metabolite changes from glucose in the young ruminant to 
volatile fatty acids in the adult ruminant. Since volatile 
fatty acids do increase in the blood of ruminants as reducing 
sugars decrease and there is a difference in the effects of 
administered glucose and other metabolites between young and 
adult ruminants (32, 33, 36a, 50, 53, 75) it is evident that 
the metabolic processes of these - animals are different. 
There have been numerous reports dealing with the study 
of hemoglobin level changes in the blood of calves. Most of 
the work reported showed that the hemoglobin level is rela­
tively high at birth (ca. 13 to 15 grams/100 ml.), then de­
creases in two or three weeks to nine or ten grams per 100 ml., 
and after eight to ten weeks rises to 10 or 11 grams per 100 
ml. (8, 11, 13, 79, 87b, 109, 117a, 118). Some work indicates 
that the decline which normally occurs in the hemoglobin of 
calves can be alleviated by feeding supplemental iron (8, 11, 
13, 103, 109). The work of Thomas et al. (109) showed that 
female calves had higher hemoglobin values during the first 75 
days of life than did males. However, Byers _et al. (19) did 
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not find any significant differences between the hemoglobin 
values of females and males. This work was done with animals 
over 75 days of age and may have accounted for the lack of dif­
ference. Matrone et al. (69) have reported that the normal 
range of hemoglobin values in the blood of mature cows is from 
9.0 to 10.6 grams per 100 ml. 
Studies on Feed Utilization by 
the Dairy Calf 
Savage and McCay (98) reviewed thoroughly the literature 
dealing with general calf nutrition and this review covered 
most of the work up to 1941. Some studies conducted in the 
1920's and 1930*8 indicated that calves could not grow and de­
velop normally on an all-milk diet (20, 72, 119). These work­
ers observed that when the milk ration was supplemented with 
grain and hay, calves grew well. Wise et al. ( 119) found that 
nearly all of the symptoms of the syndrome that developed on 
an all-milk diet were remedied by supplementing the ration with 
ferric chloride, cupric sulphate, magnesium carbonate, and cod 
liver oil. The appetite of the calves was hot helped by the 
addition of these supplements. 
Many investigations have been conducted on the utilization 
of various milk replacers by calves. Arrington and Reaves (2) 
fed remade skim milk to calves after three days of age but the 
calves grew poorly and in some cases death occurred. Barker 
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et al. (7) and Jacobson et al. (55) in separate investigations 
fed calves reconstituted skim milk supplemented with various 
oils. Calves in these studies which received skim milk plus 
butter oil, skim milk plus hydrogenated soybean oil, or whole 
milk grew and developed satisfactorily. The calves receiving 
skim milk plus crude soybean oil, however, grew poorly, had rough 
hair coats and had a high incidence of morbidity and mortality. 
J ones et. al. (58) obtained increased gain and feed efficiency 
when they supplemented a milk, grain, and hay ration with aure-
omycin, major minerals (calcium and phosphorus), and trace min­
erals. 
Holler et al. (82) observed that an all-vegetable milk 
replacer supplemented with five percent whey was superior to 
the same replacer without whey, when fed to dairy calves. Three 
and one-half percent added lactose, however, had no beneficial 
effect on growth, feed consumption, or general condition of 
the calves. They found that the milk replacers used were not 
adequate during the "critical period" from one to 20 or 50 days 
after birth. In order to determine if gastric secretion in 
the young calf was affected by vegetable feeds, Shoptaw et al» 
{100) used Pavlov pouches and found that there were no differ­
ences in gastric secretion between a milk diet and a diet con­
taining soybean flour. Soybean flour did pass through the di­
gestive tract faster than milk. 
11 
In growth studies using synthetic milks (milk replacers) 
various workers have observed that when the replacers contain 
adequate energy and are made up largely of milk products, 
satisfactory results can be obtained (77, 108, 115). 
It is apparent from the results of several digestion 
studies that the ability of the young animal to digest and 
utilize feed is affected by age, diet, and rate of passage of 
the feed through the digestive tract (10, 14, 67, 83, 84, 88)„ 
Parrish et al. (88) reported that colostrum was almost com­
pletely digested, but the protein in normal milk was less di­
gestible in three- to eight-day old calves than in older calves. 
This was attributed to the change in milk composition or to a 
slow adaptation by the gastrointestinal tract. Lloyd _et al. 
(67) found that there is a marked change in the digestive 
ability of the young pig prior to eight weeks of age. Wallace 
and coworkers (112) showed that calves five and eight weeks 
of age could digest dried whey, glucose and sucrose much more 
effectively than starch or banana mela. Archibald (1) reported 
that nine-week old calves were able to digest feed almost as 
well as adult cattle» Hartley and associates (9) found that 
nine-week old calves digested milk as efficiently as did 13-
week old calves. 
In extensive digestibility studies, Nolier et al. (83, 84) 
showed that whole milk protein was slightly less digestible 
by the 10- to 14-day old calf than by calves 19 days old or 
older. Evaporated milk was much more digestible by calves 
over 19 days of age than by younger calves. Milk replacers 
(made up largely of plant materials) was poorly digested by 
calves under 26 days old. Protein was the least digestible 
nutrient measured. Blaxter and Wood (14) found that the level 
of milk intake did not affect its digestibility in the calf 
but in another investigation, Blaxter et al, (10) observed that 
dry matter digestion fell with increasing intake of dry feeds. 
These workers attributed this decrease to faster rate of pas­
sage through the digestive tract of feeds on the higher level 
of intake. 
Digestive disturbances caused by the feeding of certain 
milk replacers may affect the utilization of these feeds but 
there are only a few reports in the literature concerning the 
effect of diarrhea and other disturbances on feed utilization 
by the calf. Owen et al. (87a) investigated several nutri­
tional factors in calf diarrhea. Milk fat seemed to be the 
most effective material studied in preventing and controlling 
scours. Jacobson et al. (56) and Ratcliff and Jacobson (92) 
observed severe diarrhea and bloating in calves fed high levels 
of a milk replacer containing finely ground soybean oil meal, 
glucose and dried skimmilk. The presence of corn distillers 
dried solubles in this milk replacer controlled the bloating 
completely and reduced considerably the scouring. The calves 
ate less and grew at a slower rate when these digestive up­
sets occurred. Barker and co-workers (7) observed a much 
greater incidence of scouring in calves fed crude soybean oil 
as the source of fat than in calves fed hydrogenated soybean 
oil or butter oil in the ration. 
The Relative Value of Various Carbo­
hydrates in Anima 1 Nutrition 
There are several good reviews covering the literature 
dealing with lactose (3, 34, 37, 47). The recent review by 
Atkinson and co-workers (3) discusses the effects of lactose 
in the feeding of simple-stomached animals and humans. These 
authors concluded that for growing animals and infants lac­
tose should be the carbohydrate of choice in milk replacement 
formulas. However, poultry, either young or old, are unable 
to utilize lactose very effectively. In a review by Duncan 
(34), evidence was presented which indicates that lactose acts 
differently than other sugars (physiologically). Lactose is 
broken down as it passes from the intestinal lumen into the 
blood. Some lactose is absorbed per se. Excess lactose in 
the diet causes diarrhea which can be counteracted by feeding 
fat and extra B vitamins. Fisher and Sutton (37) reviewed the 
literature concerning the effect of lactose on gastro­
intestinal motility and concluded that lactose at high levels 
produced severe diarrhea in rats» The exact role of lactose as a 
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causative agent in diarrhea was not established, but it seems 
that excess lactose may interfere with absorption of water 
and certain organic nutrients. Low levels of lactose seem to 
be very beneficial in preventing diarrhea. Harper and 
Elvehjem (47) made a review of the literature dealing with the 
effects of various carbohydrates on vitamin and amino acid re­
quirements and concluded that when a less soluble carbohydrate 
is substituted for a more soluble one in the diet, the re­
quirements for most members of the vitamin B complex and for 
most amino acids, reported as percentage of the diet, decrease. 
This effect on lower vitamin B requirements has been related 
to a change in the intestinal microflora, but how the amino 
acid requirement is lowered is not clear. 
It has been known for many years that starch is poorly 
utilized by the young dairy calf. Shaw and associates (99) 
reported that the digestion of corn starch by the calf im­
proved with age. Calves 39 days old digested starch almost com­
pletely but four-day old calves digested only 22 percent of 
the starch fed. Other workers also found that starch is 
poorly utilized by the non-ruminating calf (31, 38, 39» 64). 
In a study comparing glucose, lactose, sucrose, maltose and 
soluble starch in rations of calves, at the rate of two mg. 
per pound of body weight, Dollar and Porter (31) observed 
that, during the first four weeks of life, the non-ruminant 
calf utilized only glucose and lactose; at nine weeks appreci­
able amounts of maltose were used. During this time dextrin 
and soluble starch were not utilized at all and sucrose was 
used only slightly. The criteria used by these workers to 
measure carbohydrate utilization was the concentration of re­
ducing sugars in the blood following ingestion of the carbo­
hydrates. 
Flipse et al. (38. 39) made extensive investigations in­
to the utilization of various carbohydrates by dairy calves. 
In the first study (39)» synthetic milks, differing only in 
source of carbohydrate, were fed to very young calves. Glu­
cose at the rate of 60 percent of the dry matter was used as 
the control with parts of it replaced by equal amounts of 
either lactose or corn syrup. The calves receiving lactose 
grew much faster than did the other calves and rations con­
taining five percent lactose were as effective as those con­
taining 10 or 30 percent lactose. Calves receiving corn syrup 
scoured profusely and did hot grow very well. In their second 
study, Flipse et a_l. (38) were interested in the effect of lac­
tose on the utilization of corn syrup and starch by calves. 
The calves fed starch and glucose as the sources of carbohy­
drates began scouring in two to four days on the ration and 
the feces appeared to contain large quantities of undigested 
material. This was also true of the calves fed lactose and 
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starch but to a lesser degree. Calves fed lactose and corn 
syrup scoured very little and appeared to be thrifty and 
healthy. 
With the aid of rumen and cecal fistulas, Larsen and 
associates (64) studied digestion and utilization of starch, 
maltose, glucose, and corn placed into the omaso-abomasal 
cavity of young calves. Glucose was readily absorbed from the 
small intestine and a marked increase in blood glucose occur­
red in two to four hours after being introduced into the omaso-
abomasal cavity. Maltose was absorbed but more slowly than 
glucose. Neither corn nor corn starch caused an increase in 
blood glucose and most of the starch was recovered from the 
cecum. Since there was less fecal than cecal starch, it was 
evident that this carbohydrate was being hydrolyzed in the 
large intestine. As evidenced by poor growth and general un-
thriftiness, starch was poorly utilized by the calves. Work­
ers at Wisconsin (96) and at Cornell (6) studied the effects 
of lactose in feeds for calves and found it to be the chief 
source of blood glucose in the young calf. When the amount 
of lactose fed is doubled that found in whole milk, scouring 
usually results. 
The utilization of various carbohydrates by lambs and sheep 
have been studied and results similar to those observed with 
calves and cows are reported (51, 86, 93, 114). In recent 
years a great deal of attention has been given to the study 
of carbohydrate utilization by swine. Several studies have 
shown that glucose and lactose are utilized by the baby pig 
but maltose and starch are not utilized until the pig is two 
to three weeks of age (15, 16, 27, 30). These workers conclude 
that the enzyme system of the baby pig is not developed suffi­
ciently to break down the more insoluble carbohydrates. Teagùe 
and Hanson (106) showed that cellulose was poorly utilized by 
swine and as the amount in the diet was increased, the diges­
tibility of other nutrients decreased. Wise et a_l. (120) ob­
served that pigs utilized glucose more efficiently than xylose. 
Morrison and associates (76) reported that lactose was 
not used efficiently by chicks. On the other hand, Briggs and 
Spivey (17) observed a stimulatory effect on growth when 20 
percent of the glucose in the diet was replaced with lactose. 
Ten percent lactose, however, had no effect on growth. 
In studies with laboratory animals, there are some data 
which indicate that lactose may alter the microflora of the 
intestinal tract, thereby, manifesting its beneficial effect 
in this manner (49, 54). Earner and Gillespie (6$) could find 
no difference in lactose effect in germ-free and non-germ-free 
intestinal tracts of rats. Sadhu (97) showed that lactose 
acts as a lipotropic agent in rats, as evidenced by its choline-
sparing action. 
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The Development of the Digestive Enzyme System 
and Enzyme Supplementation in Feeds 
Probably the most recent development in animal nutrition 
research is the investigation of the digestive enzyme systems 
in farm animals and the inclusion of certain enzymes in feeds. 
The most extensive work with enzymes has been with swine. On­
ly a few experiments have been conducted with calves and 
poultry. 
The first work reported in the literature dealing with en­
zyme supplementation in calf rations was that by Williams and 
Knodt (116). These researchers added papain powder and pan­
er eat in powder to a milk replacer composed largely of milk 
products. These additions proved to be deleterious in that 
growth was poor, feed consumption was low, and dehydration and 
degeneration of the intestinal walls occurred. Butyl fermenta­
tion solubles were not effective in enhancing growth. Fries 
et al. (40) obtained similar results by feeding a vegetable 
milk replacer to calves, predigested with malt diastase or 
papain. Some calves used in this study died shortly after 
40 days on the predigested replacer. At necropsy these calves 
showed hemorrhage and/or necrosis of the adrenal cortex and 
mild hyperemia in the alimentary tract. Ratcliff and Jacobson 
(92) reported that the addition of pepsin and animal diastase 
to a good calf ration did not improve growth of calves from 
four days to lé weeks of age. 
Patrick (89) and Balloun and Baker (5) reported that the 
addition of proteolytic enzymes to chick diets did not improve 
growth or feed efficiency. The latter workers concluded that 
the proteolytic enzyme system of the chick is well-developed 
at one day of age, In a recent paper McGinnis (73b) presented 
data which indicate that the addition of certain enzymes (bac­
terial fermentations, mold fermentations, and especially 
malted barley) to chick diets containing barley, materially im­
proves the utilization of the barley. 
The role of enzymes in pig nutrition has attracted more 
attention than in other species. Lewis et al. (66) were the 
first to report data on enzyme feeding to pigs. These workers 
showed that when pepsin, at the rate of one percent of feed 
intake, and pancreatin, at the same rate, were added to a basal 
soy-corn diet both body weight gain and feed efficiency of baby 
pigs were improved. The results of this work also indicated 
that there is a lack of digestive proteolytic and amylolytic en­
zymes in baby pigs under 25 days of age. In later reports 
Catron (21, 22) pointed out that the results of sixteen ex­
periments involving nearly 1000 pigs showed that diets contain­
ing soya protein supplemented with pepsin and pancreatin were 
superior to the same diets without the added enzymes. However, 
these diets plus the enzymes were not as good as diets con­
taining skim milk as the source of protein. Neagle (80) found 
that microbial enzymes were as effective as pepsin in improving 
20 
growth and feed efficiency of baby pigs and these enzymes may 
cost about one-half as much as pepsin. Cunningham and Brisson 
(25) found that the addition of amylase to the diets of baby 
pigs did not improve the digestibility of starch and the ra­
tions containing the enzyme caused severe diarrhea. These 
same workers presented data which showed that the addition of 
proteolytic enzymes was ineffective in improving the utiliza­
tion of protein by pigs (26). Meade (74) showed that there 
were no beneficial effects obtained by the addition of pepsin 
to baby pig diets. 
Studies on the enzyme activity in the digestive tract of 
pigs have shown that lactase activity is high at birth and de­
clines sharply at about two weeks of age and that maltase and 
sucrase activity increases from negligible amounts at birth to 
a maximum after about 25 days (4, 23). Kitts and associates 
(60) found that pancreatic amylase activity in pigs increases 
markedly with advancing age but the lipase activity is high 
at birth and remains high as growth proceeds. 
Since there is considerable disagreement among various 
workers concerning the value of enzyme supplementation to the 
diets of young animals, it appears to this author that more 
thorough investigations need to be made concerning not only 
digestive enzyme levels but also the activation of these en­
zymes in the gut. 
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EXPERIMENTAL 
The research presented herein was divided into two ex­
periments. The first experiment was designed to study, in a 
preliminary way, the response of dairy calves to the feeding 
of animal diastase and pepsin. Observations were made on 
growth, feed consumption, and general appearance and health of 
the calves. The second experiment was designed to study in 
more detail the effect of age, dietary regime and certain diet­
ary factors on nutrient utilization, with special emphasis on 
carbohydrate utilization. Observations made in Experiment II 
included growth data ; feed consumption; health; fecal consist­
ency; blood reducing sugar ; hemoglobin; digestibility coef­
ficients for protein, dry matter, ash, ether extract, glucose 
equivalent, and starch equivalent; and the "retention"of nitro­
gen, ash, and glucose. 
Experiment I 
Procedure 
Sixteen Holstein calves (eight males and eight females) 
from the Iowa State College dairy herd were used in this ex­
periment. The calves were allowed to remain with their dams 
for three days after birth then were transferred to individual 
pens bedded with wood shavings, and allotted at random to the 
various treatments. Milk and milk replacer were fed twice 
daily from a nipple pail and fresh water was available at all 
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times. The experimental animals and feeding schedules are 
shown in Table 1. Half the calves in both the enzyme and no-
enzyme groups received a milk replacer* from the fourth through 
the eleventh weeks. The milk and milk replacer feeding sched­
ules are given in Table 2. 
All calves had access to a calf starter, consisting of 
20fo ground yellow corn, 22% ground oats, 20% soybean oil meal, 
10% wheat bran, 15% corn distillers dried solubles, 10% cane 
molasses, 2% dicalcium phosphate, and 1% iodized salt. Good 
quality alfalfa hay was available at all times. The calves in 
the enzyme group received animal diastase** (6 x U.S.P.) at 
the level of 0.167% of the dry matter intake and pepsin** 
(1:3000 N.F.) at the level of 1% of the dry matter intake. 
Each calf was weighed at four days of age before being 
placed on experiment and at weekly intervals thereafter. Sin­
gle-day weights were taken since it has been shown that one-day-
weight s at weekly intervals were as efficient as two- or three-
day weights (29). Starter and hay were fed once each day. 
*The milk replacer consisted of: 20% dried skim milk, 20% 
dextrose, 20% corn distillers dried solubles, 40% finely ground 
soybean oil meal, 50 grams of vitamin A supplement (5,000 I.U./ 
gram) and 5.4 grams irradiated yeast (4,000.000 I.U. Vitamin D/ 
lb.) 
**The animal diastase and pepsin were manufactured and 
supplied by the Cudahy Company, Omaha, Nebraska . 
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Table 1. Experimental design for Experiment I 
Groups 
No enzymes Enzymes 
No M.R.a M*R. No M.R. M.R. 
Calves, number and sex 2Mb,2Fc %M,2F 2M,2F 2M,2F 
Weeks fed whole milk, incl.^ 1-7 1-7 1-7 1-7 
Weeks fed milk replacer, incl. None 4-11 None 4-11 
Weeks fed enzymes, incl* None None 1-16 1-16 
Weeks fed starter (ad lib), 
incl. 1-16 1-16 1-16 1-16 
Weeks fed hay (ad lib), incl, 1-16 1-16 1-16 1-16 
aM.R. = milk replacer 
= male 
CF = female 
^incl. = inclusive 
The quantities of feed fed and refused were weighed and 
recorded to the nearest one-tenth of a pound. The enzymes were 
mixed with the liquid at feeding time, when milk and/or replacer 
were fed ; thereafter, the enzymes were mixed in the starter each 
day. The dry milk replacer was mixed with milk and water during 
the milk feeding period and with water for the remainder of the 
time. 
Results 
The mean initial body weights (4-day weights) and mean 
weight changes for various combinations of the calves in Experi-
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Table 2. Milk and milk replacer feeding schedule for all 
calves in Experiment I 
Whole milk, % of Milk replacer, % birth 
birth weight/da y weight/day-
dry mix water 
1 8 — — 
2  9  —  —  — —  
3 10 —— 
4 9 0.2 0.8 
5 7 0.6 2.4 
6 6 0.8 3.2 
7 4 1.2 4.8 
8 through 11 — 2.0 8.0 
12 through lb 
ment I are shown in Table 3® Data for individual calves are 
shown in Appendix, Table 16» Although there was a difference 
in total weight gain in favor of the calves which received no 
enzymes over those which were fed enzymes, the difference was 
not statistically significant at P = .10. The calves which 
received milk replacer made greater gains than those which 
we^e not fed milk replacer, but the difference was not signif­
icant at P = .10, A summary of the analyses of variance of 
total weight gains of calves in Experiment I is shown in Table 
4. Table 5 gives the mean consumption of whole milk, milk re-
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Table 3» Growth data for Experiment I 
Mean 
Treatment initial Weeks on experiment 
wt. 2 4 6 8 10 12 14 16 
lb. gain ( lbs. ) 
No enzymes ; no 
96 38 78 163 milk replacer 6 20 59 111 134 
No enzyme s ; 
87 67 87 milk replacer 4 21 43 115 145 170 
Enzymes ; no 
83 68 milk replacer 0 15 31 50 91 114 144 
Enzymes ; milk 
66 replacer 97 3 19 44 91 120 142 169 
No enzymes3 91 5 20 41 63 83 113 1)9 167 
Enzymes13 7 90 1 17 38 58 79 105 128 157 
No milk replacer0 89 3 17 35 55 73 101 124 154 
Milk replacer# 92 4 20 44 66 89 117 143 169 
aIneludes both no enzyme groups above 
^Includes both enzyme groups above 
0Includes both no milk replacer groups above 
^Includes both milk replacer groups above 
placer, starter, and hay for the various groups of calves in 
Experiment I. Feed consumption of individual calves is given 
in Table 17 of the Appendix. The feed consumptionsof the calves 
fed enzymes and those not fed enzymes were essentially the same. 
The calves which did not receive milk replacer ate more start­
er and hay than those that did receive replacer. 
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Table 4. Summary of statistical analyses of total weight 
gains of calves in Experiment I 
Source of 
variation 
Degrees of 
freedom 
Sum of 
squares 
Mean 
square Ï1 
Milk replacer 1 1040 1040.0 1. 86a 
Enzymes 1 390 390.0 oe 70 
Milk replacer x enzymes 1 280 280.0 0. 50 
Error 12 6702 558.5 
s% = 11.8 (x is the mean for a group of 4 calves given the 
same treatment combination) 
sx"x2 = (xj_-x2 is the difference between the means of 
any two groups of 4 calves treated alike) 
Comparisons of sub-groups 
Comparison Degrees of t values 
freedom 
No enzyme, no milk replacer 
vs. no enzymes, milk replacer 12 0.42 
No enzymes, no milk replacer 
vs. enzymes, no milk replacer 12 1.14 
Enzymes, no milk replacer 
vs. enxymes, milk replacer 12 1.50a 
No enzymes, milk replacer 
vs. enzymes, milk replacer 12 0.06 
aP< .25 and > . 10 
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Table $. Feed consumption data for Experiment i 
Mille 
Whole replacer 
Treatment milk (air dry) Starter Hay 
Mount per calf in lbs. 
No enzymes; no milk replacer 362 — — 346 191 
No enzymes; milk replacer 321 34 301 154 
Enzymes; no milk replacer 309 — — 340 134 
Enzymes; milk replacer 366 38 274 180 
No enzymes8 342 17 323 172 
Enzymes*3 337 19 507 157 
No milk replacer0 335 — — 343 163 
Milk replacer^ 343 36 288 167 
^Includes both no enzyme groups above 
^Includes both enzyme groups above 
^Includes both no milk replacer groups above 
^Includes both milk replacer groups above 
There were no appreciable digestive disturbances observed 
in any of the calves in this experiment, regardless of treat­
ment, Using an arbitrary designation of intensity of scouring 
of 0 (normal feces) to 4 (watery character), no calf was scored 
higher than one during the experiment. 
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Discussion of results in Experiment I 
Under the conditions of this experiment, in which good 
rations were fed, there was no beneficial effect obtained 
from the feeding of animal diastase and pepsin. Although the 
calves which were not fed enzymes gained slightly more weight 
than those which were fed enzymes, it is doubtful that the 
enzymes were the responsible factors. This was probably due 
to chance in the random assignment of calves. These results 
do not agree with those reported by Williams and Knodt ( 116) 
or Fries et al. (40). However the rations fed herein and the 
enzymes were quite different. The above workers used papain 
and malt diastase or pancreatin, while in the present study 
the pepsin and diastase were of animal origin. This may or 
may not account for the differences in results. It is possible 
that a diet containing less milk products and more plant ma­
terials might result in different responses. 
Although pH of the stomach was not studied in this in­
vestigation, it is possible that the pH of the stomach of the 
young calf is too high for optimum activity of pepsin. Another 
possibility is that the pH and/or other factors were not opti­
mum for activation of the added enzymes. Further research on 
enzyme supplementation in the diets of young calves is sug­
gested. It is the opinion of this author that if beneficial 
responses of added enzymes in calf rations are to be had, more 
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attention will have to be paid to the substrate to which they 
are added. In order to get a suitable substrate, the cost of 
such practices may be prohibitive. 
Although in an earlier study (56), using the same milk 
replacer that was used in the present study, severe diarrhea 
was observed, that was not the case here. The reason for the 
lack of diarrhea in the present investigation was probably 
because the total amount fed daily to each calf was lower than 
in the earlier study. In this study the amount fed was based 
on percent of birth weight, while in the earlier trial the 
amount was based on percent of weekly weights and the amount 
increased with body weight» 
Although the calves which did not receive milk replacer 
consumed more starter and hay, they did not gain as much weight 
as did the calves fed milk replacer. This may have been due 
to higher nutrient intake by the calves fed the replacer, or, 
the nutrients in the replacer may have been more readily avail­
able for absorption from the alimentary tract. 
Experiment II 
Procedure 
Experimental animals. In this experiment, designed to 
study the effects of age of the calf and of dietary regime on 
nutrient utilization by dairy calves, 24 Ho1stein calves (12 
males and 12 females) from the Iowa State College herd were 
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used. All of the calves used in the experiment were born be­
tween February 13, 1956 and June 18, 1956. Each calf was al­
lowed to remain with its dam for three days after birth then 
was transferred on the fourth day to an individual pen in the 
nutrition laboratory. Calves of each sex were assigned, at 
random, to one of the treatments. Each calf was weighed upon 
entering the nutrition laboratory and this weight was used as 
the initial weight. Table 6 gives the experimental design and 
the animals employed in Experiment II. 
Table 6. Experimental design in Experiment II 
Number Weeks fed (inclusive) 
of Whole Milk 
Group calves milk replacer Starter8 Haya 
I (No D.D.S.)b 
Males 
Fema le s 
II (D.D.S.)b 
Hales 
Females 
6 1-6 4-12 
6 1-6 4-12 
6 1-6 4-12 
6 1-6 4-12 
8-12 8-12 
1-12 1-12 
8-12 8-12 
1-12 1-12 
aFed ad libitum 
bD.D.S. = corn distillers dried solubles 
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Feeding and management of calves. All calves were fed 
whole milk from the first through the sixth week (inclusive) 
of the experiment and milk replacer was fed from the third 
week through the 12th week, as shown in Table 7. The milk 
and replacer were fed by nipple pail twice daily. The compo­
sition of the milk replacers is shown in Table 8. All calves 
in Group I received replacer 1 which did not contain distillers 
dried solubles, while the calves in Group II were fed replacer 
2 which contained 20% distillers dried solubles. The soybean 
oil meal was finely ground before it was mixed with the other 
ingredients. 
Table 7. Milk and milk replacer feeding schedule for all 
calves in Experiment II 
Weeks 
Whole milk,® 
% of body weight 
per day 
Milk replacer, 
% of body weight 
per day 
dry mix water 
1 8 
2 9 
3 10 
4 9 0.2 0.8 
5 7 0.6 2.4 
6 6—0 0.8-2.0 3.2-8.0 
7-12 None 2.0 8.0 
^Approximately 3.4% fat 
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Table 8. Composition of milk replacera 
Milk replacer 
1 2 
Dried skimrailk 25 lb. 20 lb. 
Dextrose 25 lb. 201b. 
Distillers dried solubles — — 20 lb. 
Soybean oil meal 50 lb. 
£3 t—1 O
 
Vitamin A supplement 
(5000 I.TJ./gm. ) 
50 gm. 50 gm. 
Irradiated yeast 
(4,000,000 I.U. vit. D/lb.) 
5.4 gm. 5.4 gm. 
The females were fed alfalfa hay and starter (consisting 
of 25% ground yellow corn, 2 2% ground oats, 25% soybean oil 
meal, 15% wheat bran, 10% cane molasses, 2% dicalcium phosphate 
and 1% iodized salt) from the beginning of the experiment and 
the males were fed chopped alfalfa hay and the same starter af­
ter the end of the seventh week. 
The females were kept in individual pens bedded with wood 
shavings throughout the experiment. During the first seven 
weeks the males were kept in individual pens on metal screens 
with no bedding in order to minimize consumption of extraneous 
matter while these animals were not in digestion stalls. After 
seven weeks the males were housed in pens bedded with wood 
shavings, except during the last 9 days of the experiment when 
they were in digestion stalls. 
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Several observations were made daily on each calf for 
diarrhea, which was rated on an arbitrary scale of one through 
four. Several observations were made each day on each calf 
for bloat, which was rated on a similar scale of one (slight 
bloat) through four (severe bloat). In the event of bloat 
rated three or four, an attempt was made to relieve the con­
dition by passing a stomach tube via the esophagus into the 
rumen for removal of gas. The calves were weighed at four 
days of age and at weekly intervals thereafter throughout 
the experiment. 
Digestibility studies. A digestion trial was conducted 
with each male calf during the 7th and 11th weeks on experi­
ment, In each case, a three-day adjustment period preceded 
a six-day collection period during which total collections were 
made of urine and feces. During the first digestion trial 
the calves were being fed milk replacer only and the intake 
was held constant, but in the second trial, when starter and 
hay in addition to replacer were fed, no attempt was made to 
obtain a constant intake of feed. Measurement of the amount 
of urine excreted was made twice daily, with an aliquot of 3% 
of the total amount being saved each time for a composite 
sample. In the first trial, for each calf, the total amount 
of feces excreted was placed in plastic bags, weighed, frozen 
immediately and saved for a composite sample. In the second 
trial, during which the fecal excretion was much greater, the 
feces were weighed twice daily and an aliquot of 10% was 
placed in plastic bags, frozen, and saved for a composite sam­
ple. The urine was refrigerated under toluene until analyzed. 
At the time of analysis the composite fecal samples for 
each calf were thawed and mixed as thoroughly as possible with 
a stirring rod; then a portion of each sample was further 
mixed with an electric stirrer. Because of the soft nature 
of the feces, mixing was not difficult. 
The urine samples were analyzed for nitrogen, total ash, 
and glucose equivalent. The milk replacer, starter, hay, and 
feces samples were analyzed for dry matter, total ash, ether 
extract, nitrogen, starch equivalent, and glucose equivalent. 
The nitrogen and ether extract determinations were made ac­
cording to the standard A0A0 procedures (85b). The total ash 
determinations were made by ashing the appropriate amount of 
each sample in a porcelain crucible. The samples were placed 
in a cold muffle furnace which was then heated gradually to 
about 600°C. and held at this temperature for approximately 
two hours. Dry matter was determined by drying the samples 
for approximately 24 hours in an oven at 100°C. The glucose 
equivalent determinations of the urine samples were made by 
using the modified Somogyi-Nelson procedure (102a, 8l). The 
glucose equivalents were measured on aqueous extracts of feed 
and feces samples: the extracts were treated with barium 
hydroxide and zinc sulfate ; the resulting protein-free filtrate 
processed using procedures outlined by Wiseman et al. (121); 
the reducing sugar values were measured by the colorimetric pro­
cedure of Nelson (81). Starch equivalent was determined by 
a modification of the procedure outlined by Pucher et al. (91); 
instead of titrating the hydrolyzed starch, the reducing sugars 
formed were measured colorimetrically as in the glucose equiva­
lent determinations (102a, 81). 
Determinations of plasma percent, blood reducing sugar and 
hemoglobin levels. A blood sample was taken from the jugular 
vein of each calf during the first week of life and at weekly-
intervals thereafter for the purpose of determining the per­
cent plasma, reducing sugar level, and hemoglobin value. Each 
sample was taken approximately eight hours after the morning 
feeding of liquid. The blood was collected in 25 ml. Erlen-
meyer flasks containing about 50 mg. potassium oxalate and 240 
mg. sodium fluoride. The sodium fluoride was added to pre­
vent glycolysis (102b). The blood reducing sugar levels in 
the plasma and whole blood were determined by the method of 
Somogyi (102a) and Nelson (8l), and the reducing sugar levels 
in the cells were calculated. The hemoglobin values were de­
termined by using the alkaline hematin technique as outlined 
by Todd and Sanford (110). The plasma percent was determined 
within 45 minutes after the blood sample was taken. Fifteen 
milliliters of oxalated blood containing sodium fluoride was 
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centrifugea for 30 minutes at about 2000 r,p.m. and the vol­
umes of packed cells and plasma were measured. 
Results 
Observations on growth and feed consumption. The mean 
weight changes for the male and the female calves receiving 
distillers dried solubles and for the male and the female 
calves not receiving distillers dried solubles are shown in 
Figure 1. The weight changes for the males in the distillers 
solubles group and in the no distillers solubles group were 
essentially the same throughout the experiment. The weight 
gains for the females fed distillers solubles were slightly 
greater than those for the females which were not fed solubles. 
Figure 1 shows that there was little, if any, gain made by the 
male calves between the 6th and 7th weeks. The 7th-week 
weights were made after the animal had been in the digestion 
stall for 7 days of the first digestion trial. This may or 
may not have been the cause of the slow-up in growth, 
A summary of the mean feed consumption and weight gains 
of the calves for this experiment is given in Table 9. The 
starter and hay consumptions were essentially the same for 
the calves in both groups I and II but since the milk and 
)6b 
Table 9„ Summary of feed consumption and weight gains in 
Experiment II 
Total 
M.R.a weight 
Groups Whole milk (air dry) Starter Hay gain 
Mean lbs,/calf 
I Males 271 111 44 11 66 
II Males 283 112 35 1.0 66 
I Females 279 129 75 46 93 
II Eema les 293 140 85 47 108 
aMilk replacer 
milk replacer feeding was based on percent of body weight, the 
females in group II were fed more of these two feeds than any 
of the other calves, because the amount fed increased as body 
weight increased. 
Table 10 gives the analysis of variance of total weight 
gains for the females in Experiment II. Since the total 
weight gains of the males in the two groups were equal, an 
Figure 1. ".-'eight gains for calves in Experiment II 
(M = males, fed only liquids to 7 weeks and 
liquid, hay and dry concentrates thereafter ; 
F = females, fed liquid, hay, and concentrates 
throughout ; I = milk replacer contained no 
distillers dried solubles; II = milk replacer 
contained distillers dried solubles). 
MEAN BODY WEIGHT CHANGES (LBS.) 
n n 
to 
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analysis of variance of these data is not necessary. The fe 
males receiving distillers solubles gained 15 lbs. per calf 
more than those not receiving distillers solubles and this 
difference was significant at the 10% level of probability. 
Table 18 of the Appendix gives complete growth data on the 
calves throughout this experiment and Table 19 of the Appen­
dix gives complete feed consumption data. 
Table 10. Analysis of variance of total weight gains of 
females in Experiment II 
Source of 
variation 
Treatment 
Error 
Total 
Degrees of 
freedom 
1 
10 
11 
Sums of 
squares 
602 
1729 
2331 
Mean 
squares i? 
602 3.4828 
172.9 
P< .10 and > .05 
Observations on incidence of diarrhea and bloat. The 
incidence and severity of diarrhea and bloat are summarized 
in Table 11. The scouring index was derived by multiplying 
the times scouring occurred by the severity (based on the one 
through four scale) divided by the number of days on the ex-
40 a 
périment. The bloat index was derived in a similar manner. 
Although the difference in scouring intensity between calves 
in group I and II was not statistically different, the color 
and consistency of the fecal material was markedly different 
as shown in Figure 2. The feces excreted by the calves in 
group I usually was yellow, had a very foul odor and often had 
a large amount of gas incorporated in it. It appeared to con­
tain undigested feed. The feces of the calves in group II, how­
ever, was brownish in color, even when scouring occurred. It is 
evident from the data in Table 11 that the incidence and inten­
sity of bloating by calves (both males and females) in group I 
which did not receive distillers solubles were significantly 
greater than for calves in group II which were fed distillers 
solubles. 
Table 11. Incidence of digestive disturbances of calves in 
Experiment II 
Group 
I (No DBS) a II (DBS)a 
Observation Ma les Females Males Females 
Scouring index*3 o.6l  0.35 0.46 0.27 
Bloat index0 0.19 0.28 0.01 0.01 
Times bloat observed 35 49 1 1 
aDDS = distillers dried solubles 
^Average intensity per calf per day (based on 0 = no 
scours; 4 = watery diarrhea) 
^Average intensity per calf per day (based on 0 = no 
bloat; 4 = severe bloat) 
Figure 2. Samples of typical feces excreted by calves in 
Experiment II (1 = sample of feces excreted by 
a calf which received no distillers dried solu­
bles; 2 = sample of feces excreted by a calf 
which received distillers dried solubles). 
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Digestibility studies. The results of the two digestion 
trials are summarized in Table 12. More complete data on the 
digestion trials are given in Tables 20 and 21 of the Appendix. 
The average value for apparent digestibility of dry matter, 
protein, ash, and starch was higher in each case for the calves 
which were not fed distillers solubles than for those which 
were fed the solubles. The digestibility of ether extract, 
however, was higher for the calves fed distillers solubles. 
There was essentially no difference between the two groups in 
glucose equivalent digestibility. The differences in the di­
gestibility of dry matter, protein, ash and ether extract were 
statistically significant (PC.05) and the difference in per­
cent starch equivalent digestion was significant at P< .01, 
as shown in Table 13. The total amounts of starch digested 
by each calf were higher for the group receiving distillers 
dried solubles. There were no appreciable differences between 
the two ration groups in retention of nitrogen, ash, or glucose 
in the first trial. The variation within each group in "re­
tention" of these nutrients was quite high. 
In the second digestion trial there was very little dif­
ference between the two groups in digestibility of dry matter, 
protein, ash, starch equivalent, or glucose equivalent. The 
digestibility of ether extract was significantly greater (P< .05) 
for the calves receiving distillers dried solubles. As in the 
first trial the retention of nitrogen, ash, and glucose was 
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Table 12. Summary of results of digestibility studies 
Group 
I II 
7 th week lit h week 7 th week 11th week 
% % i i 
Apparent dry matter 
digestibility 84.7 78.0 78.5 76.7 
Apparent protein 
digestibility 76.4 73.0 68.2 74.5 
Apparent ash di­
gestibility 72.8 71.1 65.4 71.1 
Apparent ether ex­
tract digestibility 71.7 57.6 82.5 68.5 
Apparent starch di­
gestibility 93.6 98.1 70.4 98.0 
Apparent glucose di­
gestibility 98.2 97.0 96.9 96.0 
Nitrogen retained 32.0 38.0 31.9 41.6 
Ash retained 22.8 37.7 24.4 37.6 
Glucose retained 97.5 95.8 96.0 94.3 
essentially the same in each case for both groups of calves. 
Observations on percent plasma, blood reducing sugar and 
hemoglobin levels. The average plasma percent and hemoglobin 
values in the various dietary regimes are shown in Figure 3.  
During the first six weeks there were no appreciable differ­
ences among groups in plasma percents and hemoglobin values. 
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Table 13. Summary of statistical analyses of data for first 
digestion trial 
Criterion 
Source of 
variation 
Degrees 
of 
freedom 
Sum of 
squares 
Mean 
square ? 
Apparent dry matter Treatment 1 89.3 89.3 5.3a 
digestibility Error 10 168.7 16.9 
Apparent protein Treatment 1 226.2 226.2 6.0a 
digestibility Error 10 374.2 37.4 
Apparent ash Treatment 1 183.3 183.3 5.6a 
digestibility Error 10 325.0 32.5 
Apparent ether extract Treatment 1 629.0 629.0 6.4a 
digestibility Error 10 980.3 98.0 
Apparent starch Treatment 1 1410.3 1410.5 38.3% 
digestibility Error 10 368.5 36.8 
Apparent glucose Treatment 1 2.8 2.8 0.4 
digestibility Error 10 65.3 6.5 
Nitrogen retention Treatment 1 63.5 63.5 0.3 
Error 10 2047.9 204.8 
Ash retention Treatment 1 30.1 30.1 0.4 
Error 10 843.5 84.7 
Glucose retention Treatment 1 3.3 3.3 0.5 
Error 10 64.4 6.4  
aP< =05 and >.01 
bP< .01 
Subsequently the hemoglobin values for the females began to 
increase, with the group receiving distillers dried solubles 
showing consistently higher values. The values for the males 
did not start increasing until the ninth week and the group 
receiving distillers dried solubles increased more than the 
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Table .14e Summary of statistical analyses of data for second 
digestion trial 
Degrees 
Source of of Sum of Mean 
Criterion variation freedom squares square F 
Apparent dry matter Treatment 1 3.5 3. 5 0. 2 
digestibility Error 10 141.7 14. 2 
Apparent protein Treatment 1 6.0 6. 0 0. 2 
digestibility Error 10 242.2 24. 2 
Apparent ash Treatment 1 0.2 0. 2 0. 0 
digestibility Error 10 269.2 26. 9 
Apparent ether extract Treatment 1 476.3 476.  3 5. 8^ 
digestibility Error 10 826.3 82.  6 
Apparent starch Treatment 1 16.6 16. 6 1. 0 
digestibility Error 10 168.0 16. 8 
Apparent glucose Treatment 1 0.2 0. 2 0. 0 
digestibility Error 10 140.7 14. 1 
Nitrogen retention Treatment 1 27.4 27. 4 0. 3 
Error 10 810.4 81. 0 
Ash retention Treatment 1 0.7 0. 7 0. 0 
Error 10 1318.6 131. 9 
Glucose retention Treatment 1 1.1 1. 1 0. 1 
Error 10 146.7 14. 7 
8p<.05 
group without the dried solubles. Analysis of variance, as 
shown in Table 15, revealed that the average blood hemoglobin 
values for calves receiving distillers dried solubles were sig­
nificantly higher (P< .05) at 12 weeks of age than those for 
calves receiving no dried solubles. In general, after six 
weeks the trends for percent plasma were opposite to those for 
hemoglobin, a relationship which might be anticipated. 
Figure Effect of age and dietary regime on hemoglobin 
values and plasma percent in the blood (M = males, 
fed only liquids to 7 weeks and liquid, hay, and 
dry concentrates thereafter ; F = females, fed 
liquid, hay, and concentrates throughout ; I = 
milk replacer contained no distillers dried solu­
bles ; II = milk replacer contained distillers 
dried solubles). 
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Table 15. Analysis of variance of hemoglobin 7alues 
Source of Degrees of Sum of Mean 
variation freedom squares square F 
Treatment 1 11,62 11.62 4.882a 
Error 22 52.3& 2.38 
Total 23 63.98 
SP< .05 and>.01 
Figure 4 shows the effect of age and dietary regime on 
the reducing sugar levels in the plasma and in the cells. The 
sum of the two values represents the reducing sugar level in 
whole blood. The reducing sugar levels for all groups declined, 
for about eight weeks. The mean reducing sugar levels for the 
males declined at a relatively constant rate, the decline 
averaging 8 mg. per week to 8 weeks of age. The mean weekly 
decline to 8 weeks was the same for the females but the rate 
was more erratic (greater than the values for the males the 
first week, less from 2 to 6 weeks, greater from 6 to 7 and less 
from 7 to 8). It was pointed, out in the procedure that the 
males were fed milk only for the first three weeks and all liq­
uid by nipple pail to the end of the seventh week; the males al­
so were on screens during this time. The curves in Figure 4 
show that the blood reducing sugar levels declined at about the 
same rate, regardless of dietary regime. 
Figure 4. Effect of age and dietary regime on reducing sugar 
levels in blood plasma and cells (M = males, fed 
only liquids to 7 weeks and liquid, hay and dry 
concentrates thereafter ; F = females, fed liquid, 
hay, and concentrates throughout; I = milk replacer 
contained no distillers dried solubles ; II = milk 
replacer contained distillers dried solubles). 
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Host of the reducing sugar was in the plasma where trends 
were similar to those of whole blood. Packed-cell volumes 
were relatively constant but reducing sugar content of the cells 
decreased steadily and approached zero at eight weeks. Using 
eight weeks as the leveling-off point, the regression coeffi­
cients (change in reducing sugar values in whole blood with 
advancing age) were -8.32 for males in group 1, -7.48 for males 
in group II, -7.16 for females in group I, and -6.743 for fe­
males in group II. Analysis of covariance of these coefficients 
showed that they were not significantly different at P = .10. 
Discussion of results in Experiment II 
Growth and feed consumption. The growth of the male 
calves in this experiment was much lower than that of the fe­
males. This was due to the fact that the males were kept on 
uncomfortable metal screens and fed only liquid during the 
first seven weeks. Moreover the male calves were in digestion 
stalls for nine days during this period and for nine days late 
in the experiment. That being in the digestion stall affected 
the calves adversely is clearly indicated by the fact that the 
calves barely maintained their weight during this time. The 
first digestion trial affected the calves more in this respect 
than did the second trial. Since the male calves were treated 
adversely during most of this experiment, only the growth data 
of the females are good measures of the effect of distillers 
dried solubles on growth and feed consumption. Although the 
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gains made by the females receiving distillers dried solubles 
and the females not receiving dried solubles were not signif­
icantly different, the results suggest that the presence of 
distillers solubles in the ration of dairy calves enhances 
growth. This may have been due to the lower incidence of 
scouring and bloat by the calves fed dried solubles. When 
bloating and scouring were severe, feed consumption was usually 
reduced. These results agree with the findings of Jacobson 
et al. (56). Since the digestibilities of certain nutrients 
(protein and starch) in the first digestion trial were higher 
for the male calves receiving no distillers solubles and the 
weight gains were about equal to males receiving distillers 
solubles, one could conclude that there was poor utilization 
of these nutrients by the calves in this group. This is dis­
cussed in more detail under digestibility studies. 
Digestive disturbances. There was a considerable amount 
of diarrhea among calves in both groups I and II but the inci­
dence and severity were greater in the calves which were not fed 
distillers dried solubles. Moreover, the color and consistency 
of feces were markedly different for calves in the two groups. 
The feces of the calves receiving distillers dried solubles 
were brown, even when very soft, while those of the calves not 
receiving distillers solubles were yellow and usually contained 
a considerable amount of gas. There appeared to be undigested 
material in the feces of such calves ; however, the digestibility 
studies indicated higher apparent digestibility of nutrients. 
This would suggest, then, that fermentation was talcing place 
in the lower digestive tract and possibly compounds, other than 
those measured in this experiment, were being formed. Maynard 
and Morris (70) and Norris (8,5a) observed that certain acids 
and alcohols were formed in the lower intestines of calves fed 
a gruel made up of plant products. 
Another interesting observation made in the present ex­
periment was that the plasma percents were highest in the calves 
that had the high incidence of diarrhea. The opposite of this 
would be expected since dehydration usually occurs during se­
vere diarrhea. The reason for this phenomenon is not apparent 
and further research is suggested. 
The bloat which occurred in the calves receiving no dis­
tillers solubles was a moderate flatulence which might have 
its origin in areas other than the rumen. About two hours af­
ter feeding of the milk replacer, when levels of about two 
pounds (dry) feed were reached, a noticeable enlargement of the 
abdomen began. Ultimately, some of the gas accumulated in the 
rumen and could be released by inserting a stomach tube into 
the rumen via the mouth and esophagus. Following the bloat, 
the feces were very frothy. This frothiness of the feces prob­
ably would not have occurred had the gas been formed in the 
rumen. It is the belief of the author that this gas was the 
result of bacterial fermentation in the cecum or large intes­
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tine, of polysaccarides or partially hydrolyzed polysaccharides. 
Digestibility studies. Although the apparent digestibil­
ity of the dry matter in the milk replacer containing distillers 
dried solubles was lower, in the first digestion trial, than 
that of the dry matter in the replacer without dried solubles, 
it is evident from the results on growth and digestive disturb­
ances that the nutrients in it were utilized more efficiently. 
Therefore, other factors (such as losses due to fermentation) 
must have been involved in this apparent anomaly. 
The results of the first digestion trial indicated that 
distillers dried solubles may have suppressed break down of 
certain nutrients, i.e. protein and starch. No good explana­
tion can be offered as to why the digestion of protein was 
greater for the calves not receiving distillers solubles than 
for those receiving dried solubles. However, the total quantity 
of starch digested was greater in the calves fed distillers dried 
solubles. The milk replacer containing the distillers dried 
solubles contained about twice as much starch equivalent as 
did the other milk replacer. This may account, at least to 
some extent, for the large difference in digestion coefficients 
of starch in the two groups of calves. Since the distillers 
solubles are by-products of the fermentation of grains (corn) 
(36b), it would seem reasonable to assume that any starch re­
maining in the dried solubles would not be fermentable and 
probably was of a type that would escape breakdown in the di­
gestive tract» Another hypothesis that might be suggested is 
that the distillers solubles contain a substance or substances 
that favor growth of certain types of microflora and inhibit 
other types that cause fermentation. The reason for this 
thought is that the digestive disturbances were much greater 
in the calves not fed distillers solubles. The work of Larsen 
et al. ( 64) showed that starch was not broken down to any great 
extent anterior to the cecum in calves, but was broken,down in 
the large intestine. Flipse et aJL. (38) found that starch was 
poorly utilized by dairy calves and caused severe digestive 
disturbances. The distillers solubles may have stimulated the 
hydrolysis of starch in the small intestine. If this happened, 
there would not be much fermentable starch passing into the 
lower tract for bacterial attack and may account for the ab­
sence of gas in the feces of calves fed distillers solubles. 
Further investigation into this phenomenon is needed before 
any definite conclusions can be drawn. 
The difference in apparent digestibility of ether extract 
probably was due to the fact that the milk replacer containing 
distillers solubles had a higher fat content than did the other 
replacer. Dukes (33) points out that endogenous fat in the 
feces is fairly constant and when low fat levels are fed, the 
55 
apparent digestibility of the fat may be very low, when in 
fact, the true digestibility may be quite high. 
The distillers solubles did not influence the digestibil­
ity of the feeds in the second digestion trial, conducted during 
the eleventh week of the experiment. The calves during the 
first trial were essentially monogastric animals since all of 
their feed was given in liquid form by nipple. It has been 
shown by several workers that when liquid is the sole fed, and 
especially when the liquid is fed by nipple, it by-passes the 
rumen and goes primarily into the abomasum (12, 18, 48, 65, 11$, 
117b). During the second digestion trial, the rumens of the 
calves were functional, which materially affects the digestibil­
ity of feeds (12, 18, 65, 71, 73, 113). There was more vari­
ability within groups in the second trial and the experimental 
error was greater than in the first trial. This suggests that 
digestibility studies with calves fed liquid are more valid, 
due to a more constant feed intake, than ones conducted under 
the conditions of the second trial in the present study. The 
results of the second digestion trial, conducted with calves 
at 11 weeks of age, do indicate that the ability of the calf to 
digest certain nutrients (i.e. starch) improves as it becomes 
a functioning ruminant. These observations agree With those of 
other workers (99, 112). 
Hemoglobin values and percent plasma in the blood. Since 
the hemoglobin values for calves fed distillers dried solubles 
were higher ( from six to twelve weeks) than those for calves 
not fed distillers solubles, it appears that distillers dried 
solubles enhance hemoglobin formation in calves at this age. 
Although the hemoglobin values for calves fed distillers solu­
bles^ group II) were higher than those of the calves in group I, 
the hemoglobin values for the calves in group I were within 
the normal range. Therefore, the role of distillers solubles 
in causing increased hemoglobin values in the present experi­
ment probably was not that of correcting some deficiency, but 
rather, that of causing relatively high hemoglobin values in 
the calves fed the solubles. 
The fact that the females were fed hay and starter earlier 
than the males probably accounts for the higher hemoglobin val­
ues for the females. Thomas et al, (109) observed that Holstein 
females had significantly higher hemoglobin levels from birth 
to 75 days of age than did males of this breed. However, in 
the present study no differences in hemoglobin levels were 
found between males and females during the first six weeks of 
life. Since the differences reported herein between females 
and males after six weeks of age are much greater than those 
observed by Thomas and his associates, it is unlikely that 
these differences are due to sex alone. Thomas ert al. (109) 
also found that low hemoglobin levels were associated with sub­
normal growth. In the present study however, a relationship 
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between growth and hemoglobin level appears unlikely, since 
the hemoglobin values were relatively high and all would be 
considered to be in the normal range. 
In general, after six weeks the trends for percent plas­
ma were opposite to those of hemoglobin, a relationship that 
might be expected. Although a high incidence of scouring oc­
curred in the calves receiving the milk replacer without dis­
tillers solubles, the percent plasma was higher and the hemo­
globin lower for these calves. The reverse might be expected 
since dehydration usually occurs during severe diarrhea (37). 
The reason for this occurrence is not apparent and the need 
for further research is suggested. 
Blood reducing sugar. The blood plasma reducing sugar 
levels for calves in this experiment declined for about eight 
weeks and then leveled off, an observation which agrees with 
reports by other workers (42, 62, 71, 73, 79, 107, 117a). Re­
ducing sugar levels in the cells declined to very low levels 
at 8 weeks and remained low thereafter. Goodwin (42) has pro­
posed, as an explanation for the decrease in corpuscle re­
ducing sugar, that the red cells in the blood of the young 
calf are of two main types and that the "foetal" type cell, 
which is high in reducing sugar, is progressively replaced by 
the "adult" type cell, which has virtually no reducing sugar. 
This explanation, however, does not account adequately for 
the decrease in plasma reducing sugar. It is possible that 
sex may influence to some degree the postnatal changes in blood 
reducing sugar levels, Voelker et al. (Ill) found that values 
for males were slightly higher than for females. In the pres­
ent experiment effect of sex could not be determined because 
of ration differences. Murley et al. (79) showed that the 
blood reducing sugar level rises shortly after feeding milk, 
reaching a maximum in about three hours, then gradually de­
clines to a steady level in about five to six hours. In the 
present experiment all samples were taken about eight hours af­
ter the morning feeding of liquid; therefore, there should have 
been no variation in blood reducing sugar level due to time af­
ter feeding, especially in the very young calves. 
Warner et al. (113), Browniee (18) and Lengemann and Allen 
(65) have shown that there is very little, if any, rumen ac­
tivity and development in calves fed an all-milk diet. The 
males in the present study consumed only milk for three weeks 
and only liquid feed by nipple for seven weeks. Thus, most 
of the feed probably passed to the oma s o-a boma sal area ; this 
reasoning is supported by results reported by Hegland et al. 
(48) and Wise and Anderson (117b). Moreover, the construction 
of the pens was such that no bedding was used. Therefore, 
little if any, rumen development was probable. It is doubtful 
then, that rumen development was the cause for the early de­
cline in plasma reducing sugar of the males in the present 
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study. The results reported by Lambert et aJL. (62), Mur ley 
et al, (79)» and Wing et aJL. (117a) support this reasoning. 
However, Hibbs and co-workers (50) observed higher blood glu­
cose values in calves continued on whole milk beyond seven 
weeks of age than in calves of the same age which were fed 
only hay and dry concentrates. 
There probably are several factors, working together in 
the metabolic systems of the ruminant, that are responsible 
for this change from a high to a low blood sugar level. Since 
a decrease occurs regardless of dietary regime and rumen de­
velopment, it is very probably that the metabolic mechanisms 
change first and that the rumen normally develops at a rate 
sufficient to supply the necessary metabolites (perhaps the 
short chain fatty acids) to meet the demands of these mechanisms. 
This explanation seems logical since the calf fails to develop 
and grow normally on an all-liquid diet after a certain age (20, 
119), probably because of a shortage of volatile fatty acids 
and/or other necessary metabolites. Inasmuch as insulin fails 
to produce typical hypoglycemic convulsions and coma in the 
adult ruminant (33), it is possible that the metabolic require­
ments as well as the metabolic pathways in nervous tissue of 
the adult may differ from those in the young calf. Further 
investigation of these relationships would seem desirable. 
60 
smmARY 
Two experiments were conducted to study factors affect­
ing nutrient utilization by dairy calves. In Experiment I, 
16 HoIstein calves (8 males and 8 females) were divided into 
two comparable groups. All calves in group I received whole 
milk (for 7 weeks), starter, and hay; half the calves of each 
sex received a milk replacer, composed of finely ground dry 
feeds plus water, from the 4-th-through the llth-week. Calves 
in group II were fed similarly to those in group I except each 
calf received pepsin (1:3000 N.F.) and animal diastase (6X 
U.S.P.) at the rate of one percent and 0.lé7 percent, respec­
tively, of dry matter intake. The addition of these enzymes 
did not appear to improve body weight gains. Calves fed en­
zymes gained slightly less and consumed less feed than the calves 
not fed enzymes. The differences were not statistically sig­
nificant (P = .10). The calves fed the milk replacer made 
greater weight gains than the other calves in the experiment. 
In Experiment II, 24 Holstein calves (12 males and 12 
females) were fed limited whole milk for six weeks and liquid 
milk replacer from three to 12 weeks by nipple. Half the 
calves of each sex received a milk replacer containing dried 
skimmilk, dextrose, distillers dried solubles, and soybean oil 
meal; the others received a similar replacer minus the dis­
tillers dried solubles. Hay and starter were fed to females 
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for 12 weeks and to males after seven weeks* The males were 
on screens (no bedding) for the first seven weeks. Digestion 
trials were conducted, using the males, during the 7th and 11th 
weeks. Blood samples were taken each week for determination 
of percent plasma, hemoglobin and reducing sugar levels. 
The average weight gains for the two groups of males 
were about equal throughout the experiment. The females re­
ceiving distillers solubles gained slightly more and seemed 
to utilize their feed more efficiently than the females re­
ceiving no distillers dried solubles. The difference in mean 
weight gains of the females was not statistically significant. 
There was a high incidence of diarrhea and excessive flatu­
lence in the calves which did not receive distillers solubles. 
In the digestion trial conducted during the 7th week, ap­
parent digestion coefficients for the males not receiving dis­
tillers dried solubles were significantly higher (F< .05) for 
dry matter, protein, and ash; and the difference in starch 
equivalent digestibility was significant (P< .01), in favor of 
the males not fed distillers solubles. Ether extract diges­
tion was significantly greater (P< .05) in the males fed dis­
tillers solubles. 1 There were no appreciable differences in 
"retention" of nitrogen, ash or glucose between the groups 
nor was there any difference in glucose "digestion". In the 
second trial (during the 11th week) the only appreciable dif­
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ference in digestibility of the various nutrients between the 
two groups was in ether extract, which was significantly greater 
(P<.05) in the calves fed distillers dried solubles. 
Hemoglobin levels in the females declined for five weeks 
and increased thereafter; values for the males declined for 
nine weeks. Hemoglobin values for calves fed distillers dried 
solubles were significantly higher (P<.05) than those for the 
other calves. 
Whole blood reducing sugar values declined for eight 
weeks, and limiting some of the calves (males) to a liquid 
diet fed by nipple did not alter appreciably the nature of 
these trends. Most of the reducing sugar was in the plasma, 
where trends were similar to those of whole blood. Packed-cell 
volumes were relatively constant but reducing sugar content of 
the cells decreased steadily and approached zero at eight 
weeks. 
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APPENDIX 
Table 16. Weights of calves throughout Experiment I 
Calf 
no. 
Treat- Weeks 
Sex ment 0 1 2 3 4 5 6 7 8 9 
4226 M I&, No M.R.^ 106 109 112 121 133 138 154 172 176 184 
4252 ]? a ii 84 82 86 85 90 99 103 112 117 124 
4256 TT H il 86 89 96 103 111 118 130 142 152 170 
426? M 11 " 108 102 114 116 129 140 150 159 176 I87 
4235 M I M.R. 92 93 98 106 116 127 137 150 162 172 
4250 3T " " 88 86 90 98 106 118 130 136 150 156 
4259 M » » 86 86 92 94 106 117 130 144 159 174 
4275 If !« II 80 80 82 92 101 112 120 132 142 154 
4227 M 11°, No M.R. 87 85 - 86 95 100 109 115 139 132 142 
4251 p ii « 73 73 72 79 86 92 97 106 116 127 
4260 M " " 93 90 92 102 ill 120 130 139 151 162 
4264 IT " 11 78 77 80 87 94 102 114 122 131 142 
4240 M II,M.R. 115 115 125 130 139 156 172 185 198 214. 
4241 M " " 86 87 89 94 102 113 122 131 142 157 • 
4249 F » » 100 98 104 114 121 134 150 162 171 171 
4268 1? « H 88 86 83 93 102 113 122 132 142 150 
aNo enzymes fed 
bM.R. = milk replacer 
°ïïnzymes fed 
Table 16. (Continued) 
Calf 
no. Sex 
Treat­
ment 
Weeks 
10 11 12 13 14 15 16 
4226 M Ia, No M.R.k 190 211 22? 238 248 262 281 
4252 F ii h 135 146 158 164 176 187 200 
4256 F » h 170 • 191 204 220 228. 240 255 
426? M il ii 203 220 240 246 266 278 298 
42)5 'M I, M.R. 180 188 201 220 230 246 262 
4250 F » il 168 184 200 213 232 245 258 
4259 M. ii ii 184 203 217 239 252 254 269 
4275 F ii ii 162 170 188 200 210 228 237 
4227 M IIe,No M.R.' 140 165 172 188 . 194 210 227 
4251 F tl M 134 141 • 152 160 168 180 188 
4260 M Il II 177 187 195 215 226 245 261 
4264 F 11 11 152 144 176 186 200 207 232 
4240 ' M II, M.R. 229 243 260 277 293 308 316 
4241 M ii a 170 182 196 210 220 236 255 
4249 F it » 189 205 221 232 245 256 261 
4268 F . H II 163 176 190 194 198 216 232 
Table 17. Feed consumption in pounds for calves in Experiment I 
0-4 weeks, incl. 5-8 -weeks, inol. 9-12-weeks,ino 1. 13-16 weeks, incL Total Total 
Calf consumption of: consumption of: consumption of consumption of milk M.R.a 
no. Starter Hay Starter Hay Starter Hay Starter Hay cons. cons. 
Group Ib 
° 
4226 16.0 3.0 44.0 34.0 108.0 78.0 131.5 124.0 412,5 
4252 12.0 3.0 39.0 23.0 90.0 29.0 144.0 46.5 314.0 — —  
4256 21.0 15.5 72.0 21.5 114.0 62.5 163.0 72.5 322.0 
4269 30.0 4.5 79.0 40.0 159.0 68.5 162.0 138.0 400.0 
4235 13.0 8.0 19.0 30.0 59.0 61.5 163.0 89.0 340.0 35.0 
4250- 12.0 5.0 48.0 22.0 98.0 35.0 147.0 107.5 328.0 35.0 
4259 15.0 0 54.0 17.0 109.0 39.0 153.0 78.0 319.0 34.3 
4275 21.0 3.5 53.0 26.0 89.0 21.5 151.0 71.0 298.0 30.1 
Group IIe 
4227 8.0 3.0 37.0 39.0 91.0 81.0 143.0 106.0 327.0 
4251 18.0 3.0 62.0 19.0 121.0 18.0 145.0 42.0 273.0 «*> as 
4260 9.0 . 4.0 59.0 12.0 133.0 57.0 I65.O 56.0 347.6 M 
4264 24.0 7.0 64.5 16.0 128.0 28.0 153.0 46.5 288.0 — — 
4240 17.0 3.0 42.0 26.0 78.0 70.0 148.0' .124.0 436.0 45.5 ' 
4241 5.0 6.0 14.0 27.0 46.0 64.0 134.0 118,0 328.0 34.3 
4249 21.0 4.0 57.0 27.0 9.6:o 31.0 159.0 81.0 371.0 37.8 
4268 • 15.0 6.0 32.0 29.0 79.0 45.0 154.0 59.5 328.0 34.3 
aMilk replacer 
kflo enzymes fed 
. °Enzymes fed 
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Table 18. Weights of calves in pounds throughout Experiment II 
Calf Tni-
no. Sex Group tial Weeks 
= wt. 1 2 3 4 5 6 7 
4292 M Ia 66 60 58 57 60 61 64 66 
4295 M I 66 62 61 62 64 67 72 70 
4298 M I 93 91 . 91 93 98 105 114 114 
4305 M I 85 - 83 84 83 88 94 100 104 
4317 M I 104 102 100 104 111 118 128 130 
4334 . M I 96 88 92 93 102 111 118 124 
4293 M IIb 87 86 83 84 88 92 103 100 
4297 M II 106 105 100 102 106 114 122 129 
4303 M II 71 72 70 72 76 79 85 91 
4311 M II 75 74 73 74 75 72 .78 81 
4319 M II 78 80 80 82 87 95 104 101 
4339 M II 102 98 94 106 116 118 123 117 
4281 F I 81 79 80 86 92 101 114 126 
4289 F I 80 80 80 87 93 103 114 126 
4296 F I 77 66 68 72 80 88 99 108 
4307 F I 89 89 92 95 05 106 116 128 
4336 F ± 84 77 84 87 110 108 113 123 
4341 F I 90 87 87 96 106 106 110 121 
428? F II 85 82 84 90 100 111 122 128 
4291 F n ' 84 84 85 90 98 103 115 12 5 
4304 F 11 70 70 70 78 82 90 104 110 
4309 F n 83 85 92 96 106 117 124 
4338 F n 88 86 90 100 110 116 129 143 
4344 F n 94 91 99 108 119 125 134 145 
66 
8 9 10 11 12 
4292 M ia 67 77 89 93 96 
4295 M 1 66 74 78 92 88 109 
4298 M 1 125 134 154 168 186 
4305 M 1 85 112 121 137 148 149 
4317 M . 1 104 137 156 168 170 186 
4334 M 1 96 129 142. 148 165 181 
4293 M nb 87 102 105 113 137 152 
4297 M 11 106 139 154 176 183 195 
4303 Ivl 11 71 99 110 125 133 146 
4311 M 11. 75 89 ; 98 110 115 132 
4319 M 11 78 109 124 136 153 162 
4339 M 11 102 124 122 124 128 130 
aI = no distillers dried solubles fed 
bII = distillers dried solubles fed 
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Table 18. (Continued} 
Calf Ini­ TAfa0 Ira 
no. Sex Group tial 
wt. 8 9 10 11 12 
4281 F I ' 81 . 141 149 159 174 186 
428? F I 80 • 134 142 155 170 184 
4296 F I 77 114 122 138 149 165 
4307 F I 89 141 152 166 178 190 
4336 F I 84 130 139 149 162 174 
4341 . F I 90 128 138 143 153 165 
4287 .F II 85 137 150 155 167 185 
4291 F II 84 133 142 155 165 184 
4304 F II 70 124 134 152 164 177 
4309 F II 83 134 142 156 169 174 
4338 ' F II 88 155 168 188 202 218 
4344 F II 94 159 170 182 197 214 
Table 19. Feed consumption in pounds for calves in Ex­
periment II 
• Consumption of: 
Calf 
no. Sex Group 
Whole 
milk 
Milk 
replacer3 Starter Hay 
4292 M Ib 196 75 37 13 
4295 M I 204 77 41 14 
4298 M I -308 127 54 15 
4305 • M I 274 115 37 3 
4317 M I 338 143 53 6 
4334 . M I 308 . 132 40 16 
4293 ' M IIe 283 105 19 8 
4297 M II 337 . 143 64 17 
4303 M II 239 102 36 15 
4311 M II 239 92 28 3. 
4319 M II 259 • 116 6l 15 
4339 M II 337 113 4 6 
aMr dry weight 
bGroup I received no distillers dried solubles 
cGroup II received distillers dried solubles 
Table 19. (Continued) 
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Consumption of: 
Calf Whole Milk 
no. Sex Group milk replacer3 Starter Hay 
4281 F I 276 128 89 76 
4289 F I 271 133 60 37 
4296 F I 237 116 82 48 
4307 F I 302 140 113 25 
4336 F I 288 132 59 40 
4341 F I 302 126 47 51 
428? F II 294 137 94 74 
4291 F II 285 134 66 45 
4304 F II 244 122 126 22 
4309 F II 287 133 74 36 
4338 F II 312 156 94 72 
4344 F II 333 157 57 32 
Table 20. Summary of data in first 6-day digestion and "re­
tention" trials (7th week) 
Calf 
no. Group 
Milk re-
placer 
consumed 
Feces ex- Urine ex- Dry matter 
creted creted Cons. Exc. Dig. 
grams grams ml. grams 
4292 I 3405.0 2083.4 10543 2670.9 
4295 I 3813,6 5061.9 7949 2991.4 
4298 I 5992.8 5954.5 14332 4700.8 
4305 I 5448.0 4125.5 11999 4286.5 
4317 I 7082.4 5296.4 6888 5998.8 
4334 I 6537.6 5384.6 25406 5738,7 
4293 II 5448.0 6770.5 12197 4519.7 
4297 II 6672.8 10846.5 14819 5536.6 
4303 II 4903.2 4222.4 9754 4054.9 
4311 II 4358.4 6726.3 6334 3581.7 
4319 II 5448.0 9049.0 13169 4668.9 
4339 II 6537.6 5928.8 14454 5490.3 
grams 
404.2 
606.8 
726.6 
690.4 
672.4 
950.5 
% 
84.9 
79.7 
84.5 
83.9 
88 .8  
83.4 
787.3 82.6 
1481.6 81,2 
762.8 81.2 
868.6 75.8 
1246.0 73.2 
856.3 84.4 
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Table 20. (Continued) • 
Ether extract Nitrogen 
Calf Cons. Exc. Dig. Cons. Exc.a Dig." Exc. b Re­
no. Group grams grams % grams grams % grams ta ined 
4292 I 36.9 17.5 ' 52. 6 144.2 35.4 75.5 93.6 10. 6 
42?5 I 41.3 11.8 71. 4 161.5 41.9 74.1 120.0 — 0 6 2 
42?8 I 64.9 12.1 81. 4 253.8. 60.0 76.4 109.2 33. 4 
4305 I 41.2 13.2 68. 0 234.9 59.0 74.9 93.0 35. 3 
4317 I 60.0 12.4 79. 3 329.9 50.2 84.8 117.2 49. 3 
4334 I 13.8 6.0 56. 5 311.0 73.5 76.4 122.9 36. 9 
4293 II 77.3 7.1 90. 8 241.4 55.4 77.1 98.2 36. 4 
4297 II 94.7 23.0 75. 7 295.7 129.6 56.2 114.5 17. 5 
4303 II 64.5 9.9 84. 7 214.9 67.6 68.5 75.8 33. 2 
4311 II 58.0 5-2 90. 9 194.5 65.7 66.2 68.2 31. 2 
4319 II 77.0 13.8 82. 1 247.0 86.1 65.1 80.7 32. 4 
4339 II 6Ô.4 ib.7 72. 4 285.5 66.0 76.9 99.1 42. 2 
Ash 
Con­ Excreted Excreted 
sumed in feces Digested in urine Retained 
grams grams % grams 7= 
4292 I 151.7 37.6 75.2 92. 8 14.0 
4295 I 169.9 58.7 65.5 87. 4 14.1 
4298 I 267.0 71.5 73.2 169. 1 9.9 
4^05 I 227.2 61.1 73.1 109. 2 25.0 
4317 I 320.3 66.7 79.2 128. 1 39.2 
4334 I 304.2 82.3 72.9 147. 4 24.5 
4293 II 27616 77.8 71.9 96. 4 37.1 
4297 II 338.8 124.7 63.2 118. 6 26.3 
4303 II 240.9 72.6 69.9 121. 9 19.3 
4311 II 210.6 79.6 62.2 86. 8 .21.0 
4319 II 290.4 132.3 54.4 84. 3 25.4 
4339 II 321.2 94.6 70.6 173. 5 16.6 
aIn feces 
bIn urine 
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Table 2.0» ( Continued) 
Starch ; 
Calf Consumed ~ Excreted Digested 
no. C-roup grams grams % 
4292 
4295 
4298 
4505 
4217 
4234 
4292 
4297 
4202 
4211 
4219 
4229 
I 
I 
I 
I 
I 
I 
II 
II 
II 
II 
II 
II 
17.0 
19.0 
' 29.9 
17.4 
2 2 . 2  
12.8 
49.1 
60.1 
28.4 
25.8 
42.4 
52.6 
0.2 
1.2 
0.1 
2 . 2  
1.8 
2.0 
15.5 
19.4 
9.1 
10.8 
13.6 
9.7 
98.4 
92.8 
99.7 
87.2 
92.8 
85.5 
68.4 
67.7 
76.4 
69.9 
64.1 
81.9 
Glucose equivalent 
Calf 
no. Group Consumed 
grams 
Excreted 
in feces 
grams 
Digested 
7° 
'Excreted 
in urine 
grams 
Retained 
'• % 
4292 I 858.O 1.2 99.8 8.3 98.9 
4295 I 961.0 60.2 93.7 13.8 92.3 
4298 I 1510.1 54.4 96.4 5.6 96.0 
4205 I 1296.1 4.9 99^6 9.2 99.0 
4217 I 1899.0 19.7 99.0 12.9 98.3 
4224 I 1581,2 7.7 99.5 10.1 98.9 
4292 II 1085.9 29.2 . 97.3 24,4 95.1 
4297 II 1220.2 79.2 94.0 8.9 - 93.4 
4202 II 830.5 3.1 99.6 2.4 99.3 
4211 II 868.2 30.5 99.5 10.7 95.3 
4219 II 1071.7 .50.2 95.3 2.8 95.0 
4229 II 1253,1 6.1 99.3 6.7 99.0 
Table 21. Summary of data in second 6-day digestion and "retention trials 
(11th week) 
Milk 
Calf replacer Starter Hay Feces Urine Dry matter 
no. Group consumed consumed consumed excreted excreted Consumed Excreted Digested 
grams grams grams grams ml.. grams grams 
• % 
4292 I 4903.2 6129.0 1589.0 6,555.5 11,680 10,891 1396 87.2 
4295 I 4903.2 6446.8 2497.0 18,898.0 15,460 11,943 2697 77.4 
4298 I 9261.6 7718.0 2043.0 23,216.0 16,366 16,476 3840 76.7 
4305 I 8172.0 3632.0 771.8 16,171.7 34,589 10,681 2537 76.3 
4317 I 9261.6 2088.4 227.0 18,019.0 14,282 10,079 2630 73.9 
4334 I 9261.6 6583.0 3632.0 23,486.0 21,015 16,471 3741 77.3 
4293 II 7627.2 3223.4 817.2 13,460.2 11,955 9,704 2302 76.3 
4297 II 9806.4 7264.0 1135,0 23,863.0 18,558 15,194 3990 73.7 
4303 II 7082.4 6129.0 1225.8 14,990.2 18,449 12,129 2982 75.4 
4311 II 6537.6 4403.8 1135.0 12,642.3 12.219 10,180 1907 81.3 
4319 8172.0 2951.0 2587.8 16,433.0 13,609 11,769 2712 77.0 
4339 II 7082.4 454.0 998.8 12,507.0 12,552 7,045 1510 78.6 
Table 21. (Continued) 
Ether extract Nitrogen 
Calf Con­ Ex­ Di­ Con­ Sxcreted Excreted 
no. Group sumed creted gested sumed in feces Digested in urine Retained 
grams grams • i grams grams i grams % 
4292 I 170.1 52.7 69.0 448.8 67.5 85.0 112.0 59.8 
4295 I 185.7 84.5 54.5 476.2 161.8 66.0 126.2 39.5 
4298 I 222.7 100.2 57.1 711.5 211.7 70.2 281.5 20.6 
4205 I 149.2 64.2 57.0 505.5 129.9 72.2 220.8 26,6 
4217 I 76.6 52.1 22.0 507.2 152.2 69.8 199.2 30.5 
4234 I 200.1 76.7 - 61.7 710.8 174.5 75.5 224.9 43.9 
4292 II 174.9 85.1 51.3 424.5 106.7 76.5 171.6 38.7 
4297 II 288.6 57.4 80.1 680.9 187.6 72.5 222.9 39.6 
4202 II 240.2 108.2 55.0 529.9 124.2 74.7 177.6 41.2 
4211 II 191.5 21.8 88.6 451.6 112.5 74.9 121.1 48.1 
4219 II 184.2 68.7 62.7 507.6 115.7 77.2 175.3 42.7 
4229 II 90.6 27.9 69.2 260.4 102.9 71.5 113.7 40.0 
Ash Starch equivalent 
Con- Excreted 
sumed in feces Digested 
grams grams i grams 
4292 I 704.2 129.5 81.6 181.0 
4295 I 769.1 222.7 71.0 204.1 
4298 I 1025.6 285.4 72.2 276.6 
4205 I 649.2 229.9 64.6 222.1 
4217 I 580.7 208.8 64.0 211.4 
4234 I 1012.2 296.0 70.8 374.1 
.Sxcreted 
in urine Retained 
% 
55.9 
44.5 
45.2 
13.4 
27.6 
33.8 
Con­
sumed 
grams 
1059.5 
1116.8 
1342.5 
642.4 
425.5 
1126.6 
Ex­
creted 
grams 
8.1 
17.8 
16.1 
8 . 8  
2 . 6  
53.9 
Di­
gested 
/« 
99.5 
98.4 
98 .8  
98.6  
99.4 
95.2 
oo 
ON 
Table 21. (Continued) 
Ash Starch equivalent 
Calf Con- Excreted Excreted Con­ Ex­ Di­
no. Group > sumed in feces Digested in urine Retained sumed creted gested 
grams grams 
. % grams i grams grams % 
4293 II 623.8 188.5 69 .8  255.8 36.4 612.1 12.4 98.0 
4297 II 1015.2 323.1 68.2 341.5 17.5 1316.2 16.9 98.7 
430) II 847.5 220.4 74.0 238.0 33.2 1099.2 5.9 99.5 
4311 II 655.7 158.7 75.8 232.2 31.2 914.4 23.7 97.4 
4319 II 743.0 209.5 71.8 236.8 32.4 647.5 16.2 97.5 
4339 II 460.7 156.4 66.1 149.4 42.2 129.3 19.7 84.7 
Glucose equivalent 
Con­ Sxcretea Sxci-etecl 
sumed in feces Digested in urine Retained 
grams grams i grams i 
4292 I 1278.9 5.2 99 .6  4.0 22-2 4295 I 1292.2 129.4 90 .0  • 15.4 88.8 
4298 I 2349.5 72.5 96 .9  14.7 96.3 
4305 I 2253.2 64.4 97 .1  38.6 95.4 
4317 I 2519.1 76.8 97 .0  28.4 95.8 
4334 I 3003.2 26.6 99 .1 59.1 97.1 
4293 II 1574.7 18.0 98 .9  24.6 97.3 
4297 II 2071.4 256.6 88.6 38.3 86 .7  
4303 II 1455.0 8.3 99.4 46.1 96.3 
4311 II 1431.8 29.0 98.0 4.0 97.7 
4319 II 1566.1 34.6 97.8 28.1 96 .0  
4339 II 1220.8 55.0 95.5 4.6 95.1 
